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(54) BALLOON CATHETER 

(57) A balloon catheter of the present invention has 
an outer tube having a first lumen inside it At the distal 
end of the outer tube is connected the proximal end of 
the balloon portion so that a balloon space is formed 
inside it, the distal end of the balloon portion is joined to 
a cylindrical front tip portion, and pressurized fluid is 
introduced into and released from the balloon space 
through the first lumen of the outer tube so as to make 
the balloon portion expand or contract, inside the first 
lumen of the outer tube is arranged an inner tube having 
a second lumen freely slidable in the axial direction. The 
distal end of the inner tube projects out from the distal 
end of the outer tube and is detachably attached to the 
front tip portion. The balloon catheter of the present 
invention may have a guidewire detachably attached to 
the front tip portion rather than providing the inner tube. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a balloon 5 
catheter, more particularly relates to a balloon catheter 
suitably used as for example a balloon catheter for intra 
aortic balloon pumping (hereinafter referred to as 
"IABP"). 

BACKGROUND ART 

[0002] IABP is a method for treatment when the 
heart functions decline due to cardiac insufficiency etc. 
and is designed to assist heart functions by the insertion 
of a balloon catheter in the aorta and expanding and 
contracting the balloon portion along with the beating of 
the heat. 

[0003] Various balloon catheters used for such 
IABP have been proposed (Japanese Unexamined Pat- 
ent Publication (Kokai) No. 63-206255, Japanese Unex- 
amined Patent Publication (Kokai) No. 62-1 1456, etc.) 
[0004] In such balloon catheters, there is known a 
so-called double lumen type balloon catheter in which 
the balloon catheter is inserted into a blood vessel along 
a guidewire so as to enable the balloon portion to be 
guided to a predetermined position close to the heart in 
the arterial blood vessel. This balloon catheter has an 
inner tube arranged inside an outer tube forming the 
catheter tube. The lumen of the inside of the outer tube 
serves as a flow channel for a shuttle gas for causing 
the balloon portion to expand or contract, while the 
lumen of the inner tube serves as a through hole for the 
guidewire for guiding the balloon portion to the predeter- 
mined position near the heart in the artery. 
[0005] In such a balloon catheter having an inner 
tube, however, there is the following problem. That is, 
the outer tube forming the catheter tube is supposed to 
be inserted inside the artery of the patient, so consider- 
ing the discomfort to the patient, in particular the circu- 
lation of the blood from the point of insertion to the 
tissue at the terminal side, preferably should be as small 
in outer diameter as possible. 

[0006] If the outer diameter of the outer tube is 
small, however, the cross-section of the flow channel of 
the lumen formed inside it becomes small. The inside of 
the outer tube also has the inner tube disposed in it so 
the actual cross-sectional area of the flow channel for 
the circulation of the gas is reduced even more. To 
enlarge the actual cross-sectional area of the flow chan- 
nel in the lumen of the outer tube, it is preferable that the 
outer diameter of the inner tube also be small. The 
lumen of the inner tube, however, has the guidewire 
inserted through it. so there is a limit to how small the 
outer diameter of the inner tube can be made. 
[0007] The lumen of the outer tube other than the 
cross-section of the inner tube is passed through by the 
gas for causing the expansion and contraction of the 


2 

balloon portion. If the outer diameter of the outer tube is 
made small, the cross-sectional area of the flow chan- 
nel of the lumen becomes increasingly small, the resist- 
ance of the flow channel increases, the response of 
expansion and contraction of the balloon portion driven 
by the gas becomes poorer, and consequently a timing 
lag of the expansion or contraction is liable to occur and 
assisting action to the heart can not be achie ved effec- 
tively. 

[0008] The period of expansion and contraction of 
the balloon portion is, for example if the heart beat is 
100 beats per minute, a period of 0.6 second. The gas 
passes back and forth inside the lumen of the outer tube 
within a time shorter than that period, so the smaller the 
resistance of the flow channel the better. 
[0009] As explained above, however, the inner tube 
is placed inside the lumen of the outer tube and there 
are limits to how small the outer diameter of the inner 
tube can be made. Further, there are limits to how small 
the outer diameter of the outer tube can be made. 
[0010] Therefore, in the prior art, there was no 
choice but to set the outer diameter of the outer tube 
forming the catheter tube as large as possible within a 
range not causing a remarkable increase in the discom- 
fort to the patient. In order to obtain a satisfactory level 
of response in the expansion and contraction of the bal- 
loon portion, the discomfort to the patient was unavoid- 
ably increased to a certain extent. 


[001 1 ] The present invention was made in consider- 
ation of this actual situation and has as its object the 
provision of an innovative balloon catheter which ena- 
bles an improvement in the response of expansion and 
contraction of the balloon portion despite being able to 
reduce the outer diameter of the outer tube forming the 
catheter tube and alleviating the discomfort to the 
patient. 

[001 2] To achieve the above object, the first balloon 
catheter according to the present invention comprises 
an outer tube having a first lumen inside the outer tube, 
a balloon portion having a proximal end of the balloon 
portion joined to a distal end of the outer tube and a dis- 
tal end of the balloon portion joined to a tubular shaped 
front tip portion in order to form a balloon space inside 
the balloon portion, into which a pressurized fluid is 
introduced and released from through the first lumen of 
the outer tube to give an expanded and contracted 
state, and an inner tube having a second lumen inside 
the inner tube extending inside the first lumen of the 
outer tube to freely slide in the axial direction, projecting 
out from the distal end of the outer tube, and detachably 
attached to the front tip portion. 
[0013] The second balloon catheter according to 
the present invention comprises an outer tube having a 
first lumen inside the outer tube, a balloon portion hav- 
ing a proximal end of the balloon portion joined to a dis- 
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tal end of the outer tube and a distal end of the balloon 
portion joined to a tubular shaped front tip portion in 
order to form a balloon space inside the balloon portion, 
into which a pressurized fluid is introduced and released 
from through the first lumen of the outer tube to give an 
expanded and contracted state, and a valve element 
through which a guidewire extending inside the first 
lumen of the outer tube to be freely slidable in the axial 
direction-can be passed in a detachable manner, the 
valve element being attached to the front tip portion so 
as to maintain the inside of the balloon portion sealed in 
both the state with the guidewire attached and the state 
with the guidewire not attached to the valve element. 
Note that in the present invention, the "guidewire" is not 
particularly limited in material The term is used in the 
sense including a member comprised of a rod made of 
a synthetic resin in addition to an ordinary metal 
guidewire. 

[0014] In the present invention, the cross-sectional 
shape of the outer tube is not particularly limited. It may 
be circular or polylateral in shape, but a circular shape is 
preferable. At the inside of the outer tube is formed a 
lumen along the longitudinal direction. 
[0015] In the present invention, the balloon portion 
is formed by a tubular film in which a balloon space is 
formed. In the expanded state, it has an outer diameter 
larger than the outer tube. In the expanded state, the 
cross-sectional shape of the balloon portion is not par- 
ticularly limited and may be circular or polylateral, but it 
is preferably circular. 

[001 6] At the inside of the tubular front tip portion is 
preferably attached a valve element sealing the balloon 
space inside the balloon portion from the outside of the 
balloon portion. To this valve element, preferably a distal 
end of the inner tube (or guidewire) detachably 
attached. This valve element can seal the balloon space 
at the inside of the balloon portion from the outside of 
the balloon portion both in a state with the distal end of 
the inner tube (or guidewire) attached to the valve ele- 
ment and in a state with the inner tube (or guidewire) 
detached. The valve element is not particularly limited. 
It is not limited to a duckbill valve or other hemostatic 
valve normally used as a medical part. A three-way cock 
valve, compression spring valve, water absorbing poly- 
mer slit valve, etc. may also be mentioned. 
[0017] The valve element preferably used in the 
present invention is formed with a tight-fit hole. In the 
state with the distal end of the inner tube inserted into 
the tight-fit hole, the clearance with the inner tube (or 
guidewire) is sealed. In the state with the inner tube (or 
guidewire) detached from the tight-fit hole, the tight-fit 
hole closes to enable the balloon space at the inside of 
the balloon portion to be sealed from the outside of the 
balloon portion. 

[0018] Preferably, the maximum outer diameter of 
the valve element is larger than the inside diameter of 
the front tip portion in the state before the valve element 
is attached to the inside of the front tip portion, and the 
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valve element is compressed and elastically deformed 
and attached to the inside of the front tip portion in the 
state with the tight-fit hole closed. 
[0019] Preferably, in the state with the distal end of 

5 the inner tube (or guidewire) inserted into the tight-fit 
hole of the valve element, the tight -fit hole stretches and 
an extra clearance space for elastic deformation of the 
valve element in the axial direction is formed inside the 
front tip portion. 

10 [0020] To create this extra clearance space inside 
the front tip portion, preferably the inside of the front tip 
portion is provided with stopper members positioned at 
both sides of the valve element in the axial direction. 
The stopper members are constructed to allow passage 

is of the inner tube (or guidewire). 

[0021] The Shore A hardness of the valve element 
is preferably not more than 30, more preferably not 
more than 20, particularly not more than 1 5 and may be 
even less than 5. The Shore A hardness is measured 

20 based on J IS K6253. 

[0022] The breaking elongation of the valve ele- 
ment is preferably 300 to 1000%, particularly preferably 
500 to 800%. The breaking elongation is measured 
based on JIS K7311. 

25 [0023] The compression modulus of elasticity of the 
valve element is preferably 0.01 to 0.30 kg/cm 2 , more 
preferably 0.05 to 0.15 kg/cm 2 . The compression modu- 
lus of elasticity is measured based on JIS K7208. 
[0024] The front tip portion is preferably comprised 

30 of a member which can elastically deform to the outside 
in the radial direction. 

[0025] The front tip portion preferably is provided 
with a pressure sensor for measuring the blood pres- 
sure etc. 

35 [0026] The balloon catheter according to the 
present invention preferably further comprises a sup- 
porting rod member having a distal end joined to the 
front tip portion and extending inside the balloon portion 
and the outer tube in the axial direction separate from 

40 the inner tube (or guidewire). This supporting rod mem- 
ber is preferably comprised of a tube. Inside the tube is 
preferably passed or buried wiring from the pressure 
sensor. 

[0027] Preferably the proximal end of the outer tube 
45 is connected to a connector and the proximal end of the 
inner tube (or guidewire) is detachably attached to the 
connector. The proximal end of the supporting rod 
member is preferably connected to the connector. A ter- 
minal takeout portion for the wiring passed through or 
so buried in the tubular supporting rod member is prefera- 
bly formed in the connector. 

[0028] In the first balloon catheter according to the 
present invention, since an inner tube is attached along 
the axial direction inside the balloon portion and the 
55 outer tube when inserting the balloon catheter into a 
blood vessel or other body cavity of the patient, by pass- 
ing a guidewire inside the second lumen of the inner 
tube, it is possible to adroitly guide the balloon portion of 
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the balloon catheter to a predetermined position inside 
the body cavity. 

[0029] By pulling out the inner tube from the proxi- 
mal end side of the balloon catheter positioned at the 
outside of the body after positioning the balloon portion 5 
at the predetermined position inside the body cavity, the 
inner tube no longer exists inside the outer tube forming 
the catheter tu ba Arou nd this time, if necessary, the 
guidewire may also be pulled out from the proximal end 
side of the balloon catheter and then the balloon cathe- 10 
ter used for treatment. 

[0030] Note that in the second balloon catheter of 
the present invention, there is no inner tube attached 
from the very start. Therefore, when inserting the sec- 
ond balloon catheter into a blood vessel or other body 15 
cavity of a patient, by passing the guidewire along the 
inside of the first lumen of the outer tube and the balloon 
portion, it is possible to adroitly guide the balloon por- 
tion of the balloon catheter to a predetermined position 
inside the body cavity. Next, in accordance with need, 20 
the guidewire is pulled out from the proximal end side of 
the balloon catheter and the balloon catheter is used for 
treatment In this state, both the first balloon catheter 
and the second balloon catheter according to the 
present invention become the same. 25 
[0031] In this state, in the first and second balloon 
catheters of the present invention, the cross-sectional 
area of the flow channel of the first lumen of the outer 
tube forming the catheter tube becomes larger by the 
amount of the removal or nonprovision of the inner tube. 30 
As a result, the cross-section of the flow channel for 
feeding pressurized fluid inside the balloon portion 
becomes larger and the response of expansion and 
contraction of the balloon portion is remarkably 
improved. Further, this means that the same or better 35 
response characteristics of expansion and contraction 
of the balloon portion as in the prior art can be obtained 
even if making the outer diameter of the outer tube form- 
ing the catheter tube smaller than the conventional bal- 
loon catheter. This point is also preferable since if the 40 
outer diameter of the outer tube forming the catheter 
tube can be made smaller, the discomfort to the patient 
can be alleviated. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 
[0032] 

Figure 1 A is a schematic sectional view of a balloon 
catheter according to a first embodiment of the so 
present invention; 

Fig. 1 B is a sectional view along IB-IB shown in Fig. 
1A; 

Fig. 2 is a sectional view of key parts showing the 
state of use of the balloon catheter shown in Fig. 1 ; 55 
Fig. 3 is a sectional view of key parts showing 
details of the front tip portion of the balloon catheter 
shown in Fig. 1; 


Fig. 4 is a schematic view of the state of insertion of 
the balloon catheter according to the present 
embodiment into a blood vessel; 
Fig. 5 is a schematic view of the state after inserting 
the balloon catheter according to the present 
embodiment into the blood vessel; 
Fig. 6 is a schematic sectional view of a valve ele- 
ment used in the balloon catheter according to 
another embodiment of the present invention; 
Fig. 7 A is a schematic sectional view of a balloon 
catheter according to another embodiment of the 
present invention; 

Fig. 7B is a sectional view along BVII-BVII shown in 
Rg. 7A; 

Figs. 8A and 8B are schematic sectional views of 

key parts of a balloon catheter according to another 

embodiment of the present invention; 

Fig. 8C is a sectional view of key parts of the valve 

element shown in Figs. 8 A and 8B; 

Fig. 9 is a perspective view of the valve element 

shown in Fig. 8C; 

Rg. 10 to Fig. 14 are perspective views of other 
examples of valve elements; 
Fig. 15A is a schematic sectional view of key parts 
of a balloon catheter according to another embodi- 
ment of the present invention; and 
Rg. 15B is a sectional view of key parts shown in 
Fig. 15A. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0033] The present invention will be explained in 
detail below based on the embodiments shown in the 
figures. 

(First Embodiment) 

[0034] The balloon catheter 2 according to the first 
embodiment shown in Fig. 1 is one used for IABP and 
has a balloon portion 4 which expands and contracts 
along with the beating of the heart. The balloon portion 
4 is preferably comprised of a tubular balloon film 22 of 
a film thickness of 50 to 150 \irr\ and has a balloon 
space formed inside it. This is because if the film thick- 
ness is less than 50 urn, the film is inferior in strength, 
while if over 150 \im, the expansion might not be 
smoothly possible. In the present embodiment, the 
shape of the balloon film 22 in the expanded state is that 
ol a cylindrical tube, but the present invention is not lim- 
ited to this and may be a polylateral tube in shape as 
well. 

[0035] The IABP balloon film 22 is preferably made 
of a material superior in flexural fatigue resistance. For 
example, it is formed by a material such as poly- 
urethane. silicone, soft polyethylene, soft polyamide. or 
soft polyester. In particular, one formed by polyurethane 
is suitable in that it is high in ability to suppress the 
occurrence of thrombus and high in abrasion resistance 
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as well. The outer diameter and length of the balloon 
film 22 are determined in accordance with the inside 
volume of the balloon film 22, which has a large effect 
on the effect of assisting heart functions, and the inner 
diameter of the arterial blood vessel. For example, when 5 
the inside volume of the balloon portion 4 is 25 to 65 cc, 
the outer diameter D of the balloon portion 4 when 
expanded is preferably 1 0 to 30 mm, more preferably 1 5 
to 25 mm, while the length L of the balloon portion 4 
(see Fig. 1 ) is preferably 90 to 300 mm, more preferably w 
1 10 to 250 mm. The length L of the balloon portion 4 is 
defined by the length from the portion connected to the 
distal end of the catheter tube 6 to the portion con- 
nected to the distal end of the front tip portion 20. 
[0036] The method of production of the balloon film 15 
22 according to this embodiment is not particularly lim- 
ited, but for example it is possible to mention the method 
of dipping a mold for forming the balloon film in a mold- 
ing solution, forming a resin film on the outer circumfer- 
ence of the mold, then drying and removing the film 20 
from the mold (dipping method). Further, there is the 
method of blow molding a parison so as to form the bal- 
loon film (blow molding method). 
[0037] At the distal end of the balloon film 22 is 
formed a distal end side taper 24 forming a thin tip. The 25 
extreme distal end 7 is attached to the outer circumfer- 
ence of the distal end of the front tip portion 20 by 
means of such as heat bonding or adhesion. The front 
tip portion 20 is comprised of a short cylindrical tube 
and for example is made of a short tube of a synthetic 30 
resin such as polyurethane, polyamide, and polyester or 
metal. The outer diameter of the front tip portion is not 
particularly limited, but is preferably about 1 .0 to 3.0 
mm, while the inner diameter is preferably about 0.5 to 
2.5 mm. 35 
[0038] At the proximal end of the balloon film 22 is 
formed a proximal end side taper 26 forming a thin tip. 
The extreme proximal end 5 is joined to the distal end of 
the outer tube 8 forming the catheter tube 6. The cathe- 
ter tube 6 forms a double-tube structure comprised of 40 
the outer tube 8 and the inner tube 10. A first lumen 12 
is formed between the outer tube 8 and the inner tube 
10. At the inside of the inner tube 10 is formed a second 
lumen 14 not communicating with the inside of the bal- 
loon film 22 and the first lumen 12 formed at the inside 45 
of the catheter tube 6. 

[0039] Pressurized fluid is introduced into and 
released from the inside of the balloon film 22 through 
the first lumen 12 formed inside the double-lumen cath- 
eter tube 6 so as to make the balloon film 22 expand or so 
contract. The balloon film 22 and the outer tube 8 are 
joined by means of heat bonding or adhesion with an 
adhesive such as an ultraviolet curing resin. 
[0040] The distal end of the inner tube 10 projects 
outward from the distal end of the outer tube 8. The 55 
inner tube 10 is inserted inside the balloon film 22 and 
the outer tube 8 to freely slide in the axial direction. The 
proximal end of the inner tube 1 0 is detachably attached 


to a later explained connector 40. 
[0041] The inner tube 10 of the catheter tube 6, as 
explained later, is used for adroitly guiding the balloon 
portion 4 to a predetermined position inside the artery 
by inserting a guidewire inside the second lumen 14. 
When inserting the balloon catheter 2 into a blood ves- 
sel or other body cavity, the balloon film 22 forming the 
balloon portion 4 is folded and woun d around the outer 
circumference of the inner tube 10 and supporting rod 
member 42. Details on the supporting rod member 42 
will be given later. 

[0042] The inner tube 10 shown in Fig. 1 may for 
example be formed by the same material as the outer 
tube 8, i.e., may be made of a synthetic resin tube of 
polyurethane, polyvinyl chloride, polyethylene, polya- 
mide, or polyimide or a metal spring reinforced tube or 
stainless steel thin tube. Note that as a reinforcing 
member, H is also possible to use a stainless steel wire, 
nickel-titanium alloy wire, etc. 

[0043] The inner diameter of the inner tube 1 0 is not 
particularly limited so long as it is one which enables the 
guidewire to be passed through the tube. For example, . 
it is 0.15 to 1.5 mm, preferably 0.5 to 1 mm. The thick- 
ness of the inner tube 10 is preferably 0.1 to 0.4 mm. If 
less than 0.1 mm, the tube is inferior in strength, while if 
over 0.4 mm, the outer diameter of the inner tube 10 
becomes too large, which is not desirable. The outer 
diameter of the inner tube 10 is preferably 0.3 to 2.5 
mm, particularly preferably 0.5 to 1 .5 mm. The total 
length of the inner tube 10 is determined according to 
the axial length of the balloon catheter 2 inserted into 
the blood vessel etc. While not particularly limited, it is 
for example 500 to 1200, preferably about 700 to 1000 
mm. 

[0044] The outer tube 8 of the double-lumen cathe- - 
ter tube 6 is preferably made of a material having a cer- 
tain degree of flexibility. For example, a polyethylene, 
polyethylene terephthalate, polypropylene, ethylene- 
propylene copolymer, ethylene-vinyl acetate copolymer, 
polyvinyl chloride (PVC), cross-linking type ethylene- 
vinyl acetate copolymer, polyurethane, polyamide, 
polyamide elastomer, polyimide, polyimide elastomer, 
silicone rubber, natural rubber, etc. may be used. Pref- 
erably, the tube is made of a polyurethane, polyethyl- 
ene, polyamide, or polyimide. The outer diameter of the 
outer tube 8 of the catheter tube 6 may be uniform in the 
axiai direction, but may also be formed to have a step 
portion midway or a taper so that the diameter is smaller 
near the balloon film 22 side and larger at the rest of the 
portion (proximal end side). By making the cross-sec- 
tional area of the flow channel of the first lumen 12 
larger, it is possible to improve the response of expan- 
sion and contraction of the balloon film 22. The inner 
diameter of the outer tube 8 of the catheter tube 6 is 
preferably 1 .0 to 3.0 mm, more preferably 1 .5 to 2.6 mm. 
Further, the thickness of the outer tube 8 is preferably 
0.05 to 0.4 mm. If less than 0.05 mm, the tube is inferior 
in strength, while if over 0.4 mm, the outer diameter of 
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the tube becomes too large and the operating property 
becomes poor. Further, the outer diameter of the outer 
tube 8 is preferably 1.3 to 3.3 mm, particularly prefera- 
bly 1.8 to 3.0 mm. The clearance with the outer diame- 
ter of the inner tube 10 inserted into the first lumen of 
the outer tube 8 may be close to 0. This is because 
when introducing or releasing pressurized fluid into or 
from the inside of the balloon portion 4 through the first 
lumen 12 of the outer tube 8, the inner tube 10 is 
removed and therefore a sufficient cross-sectional area 
of the flow channel is secured. In the present embodi- 
ment, the length of the outer tube 8 is preferably about 
300 to 800 mm. 

[0045] At the proximal end of the outer tube 8 of the 
double-lumen catheter tube 6 is connected a connector 
40 which will be placed at the outside of the body of the 
patient. The connector 40 formed separate from the 
outer tube 8 of the catheter tube 6 is fixed to it by means 
of such as heat bonding or adhesion. The connector 40 
is formed with a port 16 for introducing or releasing 
pressurized fluid to or from the first lumen 12 of the 
catheter tube 6 and the balloon film 22 and a terminal 
takeout portion 18. The port 16 is arranged straight 
along the longitudinal direction inside the connector 40. 
The connector 40 is for example made of a thermoplas- 
tic resin such as a polycarbonate, polyamide. polysul- 
fone, polyacrylate, or methacrylate-butylene-styrene 
copolymer. 

[0046] At the outer circumference of the flange of 
the port 16 is formed a male lure fitting 4. The male lure 
fitting 44 has a female lure fitting 48 of a cap 46 detach- 
ably attached to it. The cap 46 is for example made of a 
material the same as the connector 40. 
[0047] At the center of the cap 46 is heat bonded or 
adhered the proximal end of the inner tube 10 so that 
the proximal end of the second lumen 14 of the inner 
tube 10 opens there. The cap 46 is formed with a nega- 
tive pressure introduction port 50. The negative pres- 
sure introduction port 50 is designed to enable a 
negative pressure generator to be connected to it 
through a check valve. Before introducing the balloon 
catheter 2 into a blood vessel, negative pressure is 
introduced from the negative pressure introduction port 
50 through the port 16 and the first lumen 12 to make 
the inside of the balloon portion 4 a negative pressure 
and thereby make the balloon film 22 fold around the 
inner tube 10 and the supporting rod member 42 and 
reduce the outer diameter near the balloon portion 4. 
[0048] In this embodiment, as shown in Fig. 3, the 
inside of the front tip portion 20 has attached to it a valve 
element 60 for sealing the balloon space at the inside of 
the balloon portion from the outside of the balloon por- 
tion 4. The distal end of the inner tube 10 is detachably 
attached as shown in Rg. 1 so as to pass through the 
center of the valve element 60. In the state shown in Fig. 
1 , the second lumen 14 of the inner tube 10 communi- 
cates with the inside of the blood vessel through the dis- 
tal end opening of the inner tube 10. 


[0049] The valve element 60, as shown in Fig. 3. 
blocks the inside through hole of the front tip portion 20 
so as to seal the inside through hole. That is, in the state 
where pressurized fluid is introduced inside of the bal- 

5 loon portion 4, leakage of the fluid to the outside is pre- 
vented. Further, in the state where pressurized fluid is 
released from the inside of the balloon portion 4, blood 
is prevented from entering into the balloon portion 4, 
through the through hole of the front tip portion 20. Fur- 

10 ther, as shown in Fig. 1, the distal end of the inner tube 
10 is made to be able to be detachably attached so as 
to pass through the center of the valve element 20. 
Even in the state shown in Fig. 1 , the inside space of the 
balloon portion 4 is sealed from the outside. 

is [0050] The valve element 60 providing this valve 
action is not particularly limited, but in the present 
embodiment use is made of a combination of the medi- 
cal use valve elements (valve components) as shown in 
for example Japanese Patent Application No. 9-155968 

20 back to back. The valve components 62 forming the 
valve element 60 are formed at their centers with tight- 
fit holes 65 through which the inner tube 10 is able to be 
inserted while maintaining a liquid seal. In the present 
embodiment, the tight-fit hole 5 is comprised of a 

25 through hole 64 and a slit 66. 

[0051] The slit 66 is a Y-shaped or cross-shaped 
slit. The inside of the slit 66 is designed to communicate v 
with the through hole 64. In the state with the inner tube 
1 0 passed through the slit 66 and the state with the tube : 

30 pulled out, liquid from the slit 66 side is prevented from 
being communicated with. The inner diameter of the 
through hole 64 is preferably designed to be smaller 
than the inner tube 10 which is inserted through the 
through hole 64, specifically is preferably 0.3 to 1.3 mm 

35 or so. In the present embodiment, the valve compo- 
nents 62 are comprised of silicone rubber 
[0052] As shown in Fig. 3, in the present embodi- 
ment, the extreme distal end 7 of the balloon portion 4 
is affixed to the outer circumference at the proximal end 

40 side of the front tip portion 20, and a pressure sensor 70 
for measuring the nearby blood pressure is buried in the 
outer circumference of the distal end side of the front tip 
portion 20. To take out the pressure detected by the 
pressure sensor 70 to the outside, the pressure sensor 

45 70 normally has at least four wires connected to it. 
These wires are designed to pass through the inside of 
the tube-shaped supporting rod member 42 affixed to 
the proximal end side of the front tip portion 20. The 
supporting rod member 42 provides support in the lon- 

50 gitudinal direction to the balloon catheter 2, in particular 
the balloon portion 4, after the inner tube 10 is pulled 
out and for example is made of a metal tube of a nickel 
alloy or titanium alloy or stainless steel. The outer diam- 
eter of the supporting rod member 42 is sufficiently 

55 smaller than the outer diameter of the inner tube 10, 
preferably 0.2 to 0.8 mm, more preferably 0.4 to 0.6 mm. 
When the supporting rod member 42 is a tube shape, 
the inner diameter of the tube is preferably 0.1 to 0.6 
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mm, particularly preferably 0.2 to 0.4 mm. 
[0053] The proximal end of the supporting rod 
member 42, as shown in Fig. 1 , is affixed near the termi- 
nal takeout portion 18 of the connector 40. The wires for 
the pressure sensor 70 passed through the inside 
through hole of the supporting rod member 42 are led 
out through the terminal takeout portion 18 of the con- 
nector 40 to outside of the connector and connected to 
a terminal 72 deslgnecTfor electrical connection with 
another apparatus. 

[0054] To provide IABP treatment using the balloon 
catheter 2 according to the present embodiment, first 
the balloon catheter 2 in the state shown in Fig. 1 is pre- 
pared. That is, the cap 46 is attached to the port 16 of 
the connector 40 in the state before IABP driving. 
Before introducing the balloon catheter 2 into the blood 
vessel, negative pressure is introduced from the nega- 
tive pressure introduction port 50 of the connector 40 so 
as to make the inside of the balloon portion 4 a negative 
pressure through the port 16 and the first lumen 12 and 
thereby make the balloon film 22 fold around the inner 
tube 10 and the supporting rod member 42 and reduce 
the outer diameter near the balloon portion 4, 
[0055] Next, as shown in Fig. 4, a centesis needle 
comprised of a not shown outer needle (cannula) and 
inner needle is inserted into the skin 30 of the patient so 
that the front end thereof is positioned inside a blood 
vessel 4. Next, the inner needle is pulled out leaving the 
outer needle (cannula) and the guidewire 34 is inserted 
into the blood vessel 32 from the hole made by the 
removal of the inner needle. 

[0056] The guidewire used is normally one with an 
outer diameter of 0.2 to 1.2 mm, preferably 0.4 to 0.9 
mm and a length of 700 to 2000 mm, preferably 1 000 to 
1600 mm, made of stainless steel or a nickel-titanium 
alloy coated, when necessary, with a f luororesin or ure- 
thane resin etc. 

[0057] Next, the outer needle is pulled out along the 
inserted guidewire 34, then the guidewire 34 is passed 
into a dilator and the front end of a catheter tube inserter 
comprised of an introducer 35 and the dilator (not 
shown) is inserted along the guidewire 34 into the inci- 
sion 36 of the blood vessel. 

[0058] When inserting the front end of the catheter 
tube inserter comprised of the introducer 35 and the 
dilator, as shown in Fig. 4, into the incision 36 of the 
blood vessel, the tapered front end formed at the front 
end of the dilator pushes wider the incision 36 of the 
blood vessel. By further pushing the front end of the 
catheter tube inserter inside, the front end of the intro- 
ducer 35 is also inserted into the blood vessel 32. 
[0059] Next, the dilator is pulled out from the intro- 
ducer 35 and then the proximal end of the guidewire 34 
is inserted from the balloon portion 4 of the balloon 
catheter 2 shown in Fig. 1 into the inside of the second 
lumen 14 of the inner tube 10 and the balloon catheter 
2 is inserted into the introducer 35, so that the balloon 
catheter 2 is adroitly inserted into the blood vessel 32 


12 

along the guidewire 34. Further, as shown in Fig. 5, in 
the state with the front end of the balloon portion 4 posi- 
tioned in the blood vessel close to the heart 1 , first, the 
guidewire 34 shown in Fig. 4 is pulled out from the blood 

5 vessel 32, then, as shown in Fig. 2, the cap 46 is 
detached from the port 16 of the connector 40 posi- 
tioned outside the body, the inner tube 10 is pulled out 
along the longitudinal direction, and the connection 
between the valve element 60 of the front tip portion 20 

10 and the distal end of the inner tube 10 is released. The 
valve element 60 ensures the seal of the inside of the 
balloon portion 4 even when the inner tube 10 is pulled 
out. Further, by pulling the cap 46, it is possible to pull 
the inner tube 10 out along the first lumen 12 of the 

is outer tube 8. As a result, the inner tube 1 0 can be com- 
pletely pulled out from the port 16, so that no inner tube 
10 exists in the inside of the balloon portion 4 and the 
outer tube 8. 

[0060] in this state, a pump device 28 shown in Fig. 
20 5 is connected to the port 1 6 of the connector 40 shown 
in Fig. 2. The pump device 28 is used to pass shuttle 
gas through the port 16 shown in Fig. 1 and the first 
lumen 12 from which the inner tube 10 has been 
removed so as to introduce it into or release it from the 
25 inside of the balloon film 22. The shuttle gas introduced 
is not particularly limited, but helium gas, which has low 
viscosity and a small mass, may be used so that the bal- 
loon film 22 expands or contracts quickly in accordance 
with the drive operation of the pump device 28. Further, 
30 as the pump device 28, for example the device shown in 
Japanese Examined Patent Publication (Kokoku) No. 2- 
39265 may be used. 

[0061] The terminal 72 led out from the connector 
40 shown in Fig. 1 is connected to a blood pressure f luc- 
35 tuation measurement apparatus 29 shown in Fig. 5 and 
enables measurement of fluctuations in the blood pres- 
sure in the artery detected by the pressure sensor 70 
shown in Fig. 3. Based on the fluctuations in the blood 
pressure measured by the blood pressure measure- 
40 ment apparatus 29, the pump device 28 is controlled in 
accordance with the beating of the heart 1 shown in Fig. 
5 to cause expansion and contraction of the balloon por- 
tion 4 in the short period of 0.4 to 1 second and assist 
the heart 1 . 

45 [0062] In the balloon catheter 2 according to the 
present embodiment, when inserting the balloon cathe- 
ter 2 into the blood vessel 32 of the patient, since the 
inner tube 10 is attached inside the balloon portion 4 
and the outer tube 8 along the axial direction, by pass- 
50 ing the guidewire 34 inside the second lumen 14 of the 
inner tube 10, it is possible to adroitly guide the balloon 
portion 4 of the balloon catheter 2 to a predetermined 
position inside the blood vessel 32. 
[0063] As shown in Fig. 5. after positioning the bal- 
55 loon portion 4 at a predetermined position close to the 
heart 1 in the blood vessel 32, by pulling out the inner 
tube 1 0 from the proximal end side of the connector 40 
positioned at the outer body side of the balloon catheter 
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2, no inner tube 10 exists inside the outer tube 8 forming 
the catheter tube 6. Around this time, the guidewire 34 
is also pulled out from the proximal end side of the con- 
nector 40. 

[0064] In the present embodiment, the cross-sec- 5 
tional area of the flow channel of the first lumen 12 of 
the outer tube 8 forming the catheter tube 6 becomes 
larger by the amount of the removal.of the inner tube 10. 
As a result, the sectional area of the flow channel for 
feeding shuttle gas inside the balloon portion 4 by driv- 10 
ing the pump system 28 shown in Fig. 5 becomes larger 
and the response of the expansion and contraction of 
the balloon portion 4 is remarkably improved. Further, 
this means that even if the outer diameter of the outer 
tube 8 forming the catheter tube 6 is made smaller than 75 
a conventional balloon catheter, a response character- 
istic of expansion and contraction, of the balloon portion 
4 equal to or better than that of the prior art is obtained. 
If the outer diameter of the outer tube 8 forming the 
catheter tube 6 can be made smaller, the discomfort to 20 
the patient can be alleviated. 

(Second Embodiment) 

[0065] The balloon catheter 2A according to the 25 
second embodiment shown in Fig. 7 is used for IABP in 
the same way as the case of the first embodiment, but 
unlike the balloon catheter 2 of the first embodiment, 
there is no inner tube 10 attached from the start Since 
no inner tube 10 is attached, a valve element 80 is so 
attached to the center of the cap 46A without the inner 
tube. The guidewire 34 is detachably passed through 
this valve element 80. In both the state with the 
guidewire 34 attached and the state removed, the inside 
of the connector 40 is sealed from the outside. This 35 
valve element 80 is preferably a check valve. When 
introducing negative pressure from the negative pres- 
sure introduction port 50 to make the inside of the bal- 
loon portion 4 a negative pressure, there is at least a 
sealing action with the outside. *o 
[0066] In the balloon catheter 2A according to the 
present embodiment, since no inner tube is attached 
from the very start, when inserting the balloon catheter 
2 inside a blood vessel 32 of the patient, by passing the 
guidewire 34 along the inside of the first lumen 1 2 of the 45 
outer tube 8 and the balloon portion 4, it is possible to 
adroitly guide the balloon portion 4 of the balloon cathe- 
ter 2 to a predetermined position in the blood vessel 32. 
Next, the guidewire 34 is pulled out from the proximal 
end side of the connector 40, the cap 46A is removed 50 
from the connector 40, the pump device 28 shown in 
Fig. 5 is connected to the port 16 of the connector 40, 
and the balloon catheter 2A is used for treatment. In this 
state, the balloon catheter 2A of this embodiment is 
used in the same state as the balloon catheter 2 of the 55 
first embodiment. 

[0067] The rest of the configuration and actions are 
the same as with the balloon catheter of the first embod- 


iment. In this embodiment as well, the cross-sectional 
area of the flow channel of the first lumen 1 2 of the outer 
tube 8 forming the catheter tube 6 becomes larger by 
the amount of the elimination of the inner tube 10. As a 
result, the cross-sectional area of the flow channel for 
feeding shuttle gas inside the balloon portion 4 by driv- 
ing the pump system 28 shown in Fig. 5 becomes larger 
and the response of the expansion and contraction of 
the balloon portion 4 is remarkably improved. Further, 
this means that even if the outer diameter of the outer 
tube 8 forming the catheter tube 6 is made smaller than 
that of a conventional balloon catheter, an equal or bet- 
ter response of expansion and contraction of the bal- 
loon portion 4 is obtained. If the outer diameter of the 
outer tube 8 forming the catheter tube 6 is made 
smaller, the discomfort to the patient can be alleviated. 

(Third Embodiment) 

[0068] In this embodiment, instead of the valve ele- 
ment 60 attached to the inside of the front tip portion 20 
shown in Fig. 3, as shown in Fig. 6, use is made of a 
valve element 60a comprised of so-called duckbill 
valves 62a, 62b combined back to back. Each duckbill 
valve 62a has a tight-fit hole 65a comprised of a through 
hole 64a and a open-closable slit portion 66a. In both 
the state with the inner tube 10 inserted into the slit por- 
tion 66a and the state with it not inserted, it is possible t 
to prevent circulation of fluid from the slit portion 66a - 
side to the through hole 64a side. 
[0069] By attaching the valve 60a comprised of 
such a pair of duckbill valves 62a and 62a, it is possible 
to obtain a valve action the same as that of the above 
valve element 60. 

(Fourth Embodiment) 

[0070] In this embodiment, instead of the valve ele- 
ment 60 attached to the inside of the front tip portion 20 
of the balloon catheter 2A shown in Fig. 7A, use is made 
of the valve element 60b shown in Figs. 8A to 8C and 
Fig. a This valve element 60b is shaped overall as a cyl- 
inder and is formed along its axial core with a tight-fit 
hole 65b comprised of a through hole with a substan- 
tially circular cross-section. 

[0071] As shown in Fig. 8C, in the state before the 
valve element 60b is attached to the inside of the front 
tip portion 20, the outer diameter D2 of the valve ele- 
ment 60b is larger than the inside diameter D1 of the 
front tip portion 20. As shown in Fig. 8A, the valve ele- 
ment 60b is compressed and elastically deformed to the 
inside of the front tip portion 20 and attached there in a 
state with the tight-fit hole 65b closed. 
[0072] The tight-fit hole 65b is preferably formed in 
a state before the valve element 60b is attached to the 
inside of the front tip portion 20, but may also be formed 
after being attached to the inside of the front tip portion 
20. Whatever the case, as shown in Fig. 8A, in the state 
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with the valve element 60b attached to the inside of the 
front tip portion 20, the tight-fit hole 65b is closed and 
the inside of the balloon portion 4 is sealed. The tight-fit 
hole 65b may be formed integrally at the time of molding 
the valve element 60b, but may also be formed after 
molding the valve element 60b by a needle or other tool. 
The tight-fit hole 65b, as shown in Fig. 8B, has the 
guidewire 34 inserted through it, so the tight-fit hole 65b 
may also be coated with silicone oil or another lubricant. 
[0073] In Fig. 8C, the tight-fit hole 65b formed in the 
valve element 60b is clearly illustrated in a state before 
the valve element 60b is attached to the inside of the 
front tip portion 20, but in actuality since the hardness of 
the polymer material forming the valve element 60b is 
considerably low, the tight-fit hole 65b is almost com- 
pletely blocked due to deformation. The outer diameter 
D3 of the needle or other tool for forming the tight-fit 
hole 65b is an outer diameter of about D4 x 0.3 to D4 x 
1 .0 when the outer diameter of the guidewire 34 is D4. 
The tight-fit hole 65b formed by the tool is, directly after 
formation, almost completely blocked by deformation at 
the stage before the element is attached to the inside of 
the front tip portion 20. 

[0074] As shown in Fig. 8C, in the state before the 
valve element 60b is attached to the inside of the front 
tip portion 20, the outer diameter D2 of the valve ele- 
ment 60b is larger than the inside diameter D1 of the 
front tip portion 20. At a maximum, it is preferably larger 
than 2.0 times the same. In this range, by making the 
outer diameter D2 larger than the inside diameter D1, 
the valve element 60b is deformed well by compression 
and fit inside the front tip portion 20 to completely close 
the tight-fit hole 65b. 

[0075] The axial length L1 of the valve element 60b 
is not particularly limited so longer as it is shorter than 
the axial length L2 of the front tip portion 20, as shown 
in Fig. 8C, in the state before the valve element 60b is 
attached to the inside of the front tip portion 20, but pref- 
erably is a length of about 5 to 95% the length L2. 
[0076] The valve element 60b of the present 
embodiment, as shown in Fig. 8A, is compressed to 
deform and fit inside the front tip portion 20 and further, 
as shown in Fig. 8B, has the guidewire 34 inserted 
through it through the tight-fit hole 65b. Therefore, the 
valve element 60b is preferably made of a material 
which is low in hardness, large in breaking elongation, 
and low in compression modulus of elasticity. 
[0077] The Shore A hardness of the valve element 
60b is preferably, based on JIS K6253, not more than 
30, more preferably not more than 20, particularly pref- 
erably not more than 1 5 and may be even not more than 
5. If the Shore A hardness of the valve element 60b is 
larger than 30. in the state shown in Fig. 8A, the tight-fit 
hole 65b is not completely closed and the seal tends to 
be incomplete. Further, in the state shown in Fig. 8B. 
the tight-fit hole 65b easily splits due to insertion of the 
guidewire 34. 

[0078] Further, the breaking elongation of the valve 


element 60b is preferably 300 to 1000%, more prefera- 
bly 500 to 800%. The breaking elongation is measured 
based on JIS K7311. If the breaking elongation of the 
valve element 60b is smaller than 300%, in the state 

5 shown in Fig. 8B, the tight-fit hole 65b easily splits by 
insertion of the guidewire 34. Production of a valve ele- 
ment 60b with the breaking elongation larger than 

1000% is difficult. 

[0079] Further, the compression modulus o1 elastic- 

w ity of the valve element 60b is preferably 0.01 to 0.30 
kg/cm 2 , more preferably 0.05 to 0.15 kg/crn 2 . The com- 
pression modulus of elasticity is measured based by JIS 
K7208. If the compression modulus of elasticity of the 
valve element 60b is larger than 0.30 kg/cm 2 , in the 

is state shown in Fig. 8B, the resistance at the time of 
insertion of the guidewire 34 tends to become higher. 
Production of the valve element 60b with the compres- 
sion modulus of elasticity larger than 0.01 kg/cm 2 is dif- 
ficult. 

20 [0080] As specific materials of the valve element 
60b having such physical properties, a silicone rubber, 
polyurethane, polyacrylate, polyacrylamide, etc. may be 
mentioned, but a polyurethane and silicone are prefera- 
ble, particularly silicone is preferable. This is because 

25 silicone is superior in properties such as heat resist- 
ance, resistance to absorption of water, sliding with the 
guidewire, and recovery (small stress relaxation). As the 
silicone, there are disassociated type silicone, single- 
liquid type silicone, addition-type two-liquid mixed type 

30 silicone, etc. , but addition-type two-liquid mixed type sil- 
icone is preferable. This is because addition type two- 
liquid mixed type silicone has a small precipitation of the 
low molecular weight component, is relatively easy to 
manufacture, and is particularly preferable for medical 

35 use. 

[0081] When using silicone, polyurethane, etc. as 
the material forming the valve element 60b, the hard- 
ness is adjusted to the above range by adjusting the 
ratio of weight of the curing agent to the main ingredi- 

40 ents, the heating temperature and heating time at the 
time of molding, etc. When using a polyacrylate resin, 
polyacrylamide resin, etc. as the material forming the 
valve element 60b, the hardness is adjusted to the 
above range by the cross-linking conditions. 

45 [0082] The valve element 60b is preferably steri^ 
lized before attachment to the balloon catheter or after 
attachment. As the sterilization, gas sterilization or elec- 
tron beam sterilization may be mentioned. 
[0083] As shown in Fig. 8A and Fig. 8B, the front fi^ 

so portion 20 has attached inside it stopper members 90 
and 92 positioned at both sides of the valve element 60b 
in the axial direction. The stopper members 90 and 92 
are respectively ring shaped and are formed with 
through holes 91 and 93 allowing passage of the 

55 guidewire 34. The stopper members 90 and 92 are for 
preventing the valve element 60b from popping out from 
the inside of the front tip portion 20 along the axial direc- 
tion and are made of a material at least harder than the 
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valve element 60b. The members forming the stopper 
members 90 and 92 are not particularly limited, but 
ones of a polyurethane resin, epoxy resin, etc. may be 
mentioned. 

[0084] The stopper members 90 and 92 may be s 
affixed to the inside of the front tip portion 20 using an 
adhesive, but may also be simply fit there so as not to 
easily move in the axial direction. Further, they may be 
formed integrally so long as formed integrally with the 
front tip portion 20. 

[0085] As shown in Fig. 8A, the distance in the axial 
direction between the two stopper members 90 and 92 
is determined so that excess clearances 94 and 96 are 
formed with the valve element 60b positioned between 
them. The excess clearances 94 and 96, as shown in 
Fig. 8B, are clearances for allowing the tight-fit hole 65b 
to stretch and the valve element 60b to elastically 
deform in the axial direction in the state with the distal 
end of the guidewire 34 inserted in the tight-fit hole 65b 
of the valve element 60b. If the excess clearances 94 
and 96 are too small, the resistance when inserting the 
guidewire 34 through the tight-fit hole 65b tends to 
become too great and the usage is worse. The magni- 
tudes of the excess clearances 94 and 96, as shown in 
Fig. 8B, are determined based on the amount of elastic 
deformation of the valve element 60b in the axial direc- 
tion in the state with the distal end of the guidewire 34 
inserted through the tight-fit hole 65b of the valve ele- 
ment 60b. 

[0086] In the present embodiment, the front tip por- 
tion 20 is preferably made of a member which can elas- 
tically deform to the outside in the radial direction. The 
reason is, as shown in Fig. 8B, that the tight-fit hole 65b 
stretches and the valve element 60b tries to stretch to 
the outside in the radial direction as well in the state with 
the distal end of the guidewire 34 inserted through the 
tight-fit hole 65b of the valve element 60b. Even if the 
front tip portion 20 is made of a material which will not 
stretch outward in the radial direction, there is no prob- 
lem in that the valve element 60b is made of a material 
which easily elastically deforms in the axial direction. 
[0087] However, by forming the front tip portion 20 
by a member which can elastically deform to the outside 
in the radial direction, the resistance when inserting the 
distal end of the guidewire 34 through the tight-fit hole 
65b of the valve element 60b becomes further smaller 
so this is more preferable. From this viewpoint, the front 
tip portion 20 is preferably made of a synthetic resin of 
the Shore A hardness, measured based on J IS K6253, 
of preferably about 40 to 95. In particular, the front tip 
portion 20 is preferably made of a polyurethane which is 
superior in durability and resistance to thrombus. The 
hardness of the front tip portion 20 is made the above 
range since when the hardness of the front tip portion 
20 is too low. the function of supporting the distal end of 
the balloon portion 4 tends to decline, while if the hard- 
ness is too high, the elastic deformation to the outside in 
the radial direction tends to become smaller 


[0088] With a balloon catheter having a valve ele- 
ment 60b according to the present embodiment inside 
the front tip portion 20, both in the state with the 
guidewire 34 passed through the inside of the front tip 
portion 20 as shown in Fig. 8B and in the state with the 
guidewire 34 not passed through it as shown in Fig. 8A, 
the inside of the balloon portion 4 is sealed well by the 
valve element 60b. 

[0089] Note that the inner diameter D1 of the front 
tip portion 20 is relatively small, so it is difficult in prac- 
tice to attach a conventional slitted valve element inside 
the front tip portion 20 as it is. The reason is that wfth a 
conventional slitted valve element, the element easily 
breaks from the slit portion and slitting is difficult. The 
valve element 60b of the present embodiment only has 
the tight-fit hole 65b of the simple through hole shape, 
so is small in size, easy to produce, and reliable in seal- 
ing. 

[0090] Further, in the present invention, instead of 
the cylindrical^ shaped valve element 60b, use may be 
made of the valve elements 60c to 60g of the shapes 
shown in Fig. 10 to Fig. 14. The valve element 60c 
shown in Fig. 10 is a disk shaped valve element. Other 
than the difference in shape, it is similar to the valve ele- 
ment 60b shown in Fig. 8 and Fig. 9 and has a tight-fit 
hole 65c similar to the tight-fit hole 65b. The valve ele- . 
ment 60d shown in Fig. 1 1 is a valve element shaped as - 
a cylinder with two convex end faces. Other than the diK 
ference in shape, it is similar to the valve element 60b 
shown in Fig. 8 and Fig. 9 and has a tight-fit hole 65d 
similar to the tight-fit hole 65b. The valve element 60e 
shown in Fig. 1 2 is a valve element shaped as a cylinder 
with two concave end faces. Other than the difference in- 
shape, it is similar to the valve element 60b shown in . 
Fig. 8 and Fig. 9 and has a tight-fit hole 65e similar to. 
the tight-fit hole 65b. The valve element 60f shown in 
Fig. 13 is a valve element shaped as a cylinder with a 
convex outer circumference. Other than the difference 
in shape, it is similar to the valve element 60b shown in 
Fig. 8 and Fig. 9 and has a tight-fit hole 65f similar to the 
tight-fit hole 65b. The valve element 60g shown in Fig. 
14 is a valve element shaped as a cylinder with a con- 
cave outer circumference. Other than the difference in 
shape, it is similar to the valve element 60b shown in 
Fig. 8 and Fig. 9 and has a tight-fit hole 65g similar to 
the tight-fit hole 65b. 

[0091 ] The valve element used for the balloon cath- 
eter according to the present invention may be a valve 
element shaped as shown in Fig. 9 to Fig. 14 or a valve 
element of a combination of these shapes. 
[0092] Note that the valve elements 60b to 60g of 
the configurations shown in the above Fig. 8 to Fig. 12 
may also be used as hemostatic valves of medical 
devices other than balloon catheters. 

(Fifth Embodiment) 

[0093] In the present embodiment, instead of the 
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front tip portion 20 and valve element 60 of the balloon 
catheter 2 shown in Fig. 1A and Fig. 2, use is made of 
the front tip portion 20a shown in Fig. 1 5A and the valve 
element 60h shown in Fig. 15B. 

[0094] The front tip portion 20a of the present 5 
embodiment is comprised of a sensor block 100 for 
holding the pressure sensor 70, a front tube 102, and a 
cap 104. A first cylindric al recess is formed in the outer 
circumference at the proximal end of the sensor block 
100 in the axial direction. The extreme distal end 7 of 
the balloon portion 4 is heat bonded or adhered there. 
The distal end of the tube shaped supporting rod mem- 
ber 42 is joined to the end face of the proximal end of 
the sensor block 100 in the axial direction. Wires 71 
from the pressure sensor 70 attached to the outer cir- 
cumference of the sensor block extend inside the sup- 
porting rod member 42 in the axial direction. The 
pressure sensor 70 measures the blood pressure inside 
the blood vessel positioned at the outer circumference 
of the front tip portion 20a and outputs a signal through 
the wires 71 to the outside. 

[0095] A second cylindrical recess 103 is formed at 
the outer circumference of the distal end of the sensor 
block 100 in the axial direction. The proximal end of the 
front tube 102 is heat bonded or adhered here. Further, 
an axial through hole 105 is formed at a position some- 
what offset from the axial center of the sensor block 
100. The distal end of the inner tube 10 is loosely 
inserted into this through hole 105. The inner diameter 
of the through hole 105 is preferably about 0.9 to 1.2 
times the outer diameter D5 of the inner tube 10. 
[0096] The distal end of the front tube 102 is heat 
bonded or adhered to a third cylindrical recess 107 
formed in the back surface of the cap 104. The inner 
diameter and thickness of the front tip portion 102 are 
made about the same as the inner diameter and thick- 
ness of the front tip portion 20 shown in Fig. 1 to Fig. 3. 
[0097] A convex curved surface is formed at the 
front surface of the cap 104 so as to lighten the resist- 
ance at the time of insertion of the balloon catheter, 
lower the discomfort to the patient, and improve the 
work efficiency at the time of insertion. The cap 104 is 
formed with an axial through hole 106 offset from the 
axial center in the same way as the through hole 105 of 
the sensor block 1 00. The through hole 1 06 has the dis- 
tal end of the inner tube 10 loosely inserted into it. The 
axial center of the through hole 106 is substantially the 
same as the axial center of the through hole 105 and 
has a similar inner diameter. 

[0098] The valve element 60h according to the 
present embodiment is a modification of the valve ele- 
ment 60c shown in Fig. 10 and is shaped overall as a 
disk and has a tight-fit hole 65h of a substantially circu- 
lar cross-section formed somewhat offset from the axial 
center. As shown in Fig. 15A and Fig. 15B, the relation- 
ship between the outer diameter D2 of the tight-fit hole 
of the valve element 60h before attachment to the inside 
of the front tube 102 and the inner diameter D1 of the 


front tube 102 is similar to the relationship between the 
outer diameter D2 of the valve element 60b and the 
inner diameter D1 of the front tip portion 20 of the 
embodiment shown in Fig. 8A to Fig. 8C. 
[0099] In Fig. 1 5B, the offset tight-fit hole 65h of the 
valve element 60h before attachment to the inside of the 
front tube 102 is clearly illustrated, but in fact since the 
hardness of the polymer material forming the valve ele- 
ment 60h is considerably low, the tight-fit hole 65h is 
almost completely blocked by deformation. The outer 
diameter D3 of the needle or other tool for forming the 
tight-fit hole 65h is an outer diameter of about D4 x 0.3 
to D4 x 1 .0 when the outer diameter of the inner tube 1 0 
is D4. The tight-fit hole 65h formed by the tool is, imme- 
diately after formation, almost completely blocked by 
deformation at the stage before attachment of the ele- 
ment to the inside of the front tube 102. 
[0100] The offset axial center of the tight-fit hole 
65h formed in the valve element 60h substantially 
matches with the axial centers of the through holes 105 
and 1 06. Note that the axial center of the tight-fit hole 
65h is made offset since it is difficult to arrange the inner 
tube 10 along the center axis of the front tip portion 20a 
due to the supporting rod member 42. 
[0101] The valve element 60h shown in Fig. 15B is 
deformed by compression and inserted to the inside of 
the front tube 102 shown in Fig. 15A. Therefore, in the 
state with the distal end of the inner tube 10 pulled out 
from the front tip portion 20a, the tight-fit hole 65h is col- 
lapsed and blocked and the inside of the balloon portion 
5 is sealed from the outside. 

[01 02] In the present embodiment, the sensor block 
100 and cap 104 forming the front tip portion 20a also 
serve as the stopper members 90 and 92 shown in Fig. 
8A and Fig. 8B. Excess clearances 94 and 96 similar to 
the excess clearances 94 and 96 shown in Fig. 8A and 
Fig. 8B are formed at both sides of the valve element 
60h in the axial direction. 

[0103] The material and compression modulus of 
elasticity and other physical properties of the valve ele- 
ment 60h are similar to those of the valve element 60b 
shown in Fig. 8C, so explanations thereof will be omit- 
ted. Further, the balloon catheter according to the 
present embodiment differs from the balloon catheter of 
the embodiment shown in Fig. 1 A and Fig. 2 only in the 
structure of the front tip portion 20a. The rest of the 
structure is the same and similar actions and effects as 
the above balloon catheter are exhibited. 
[0104] In particular, in the balloon catheter of the 
present embodiment, the hardness of the front tube 102 
and the cap 1 04 is made lower than the sensor block 
100, that is, the pliability of the front tube 102 and the 
cap 104 is made higher than the sensor block 100, so 
as to improve the work efficiency in insertion of the bal- 
loon catheter. Further, it is possible to alleviate the dis- 
comfort to the patient at the time the balloon catheter is 
inserted into the blood vessel. From the above view- 
points, the front tube 102 and the cap 104 preferably are 
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21 

made of a synthetic resin such as polyurethane with the 
Shore A hardness of preferably 70 to 98, more prefera- 
bly 80 to 95. As opposed to this, the sensor block 100 is 
preferably made of stainless steel, ceramic, or the like 
with the Shore D hardness of preferably at least 70. 5 

(Other Embodiments) 

[0105] Note that the present invention is not limited 
to the above embodiments and can be modified in vari- 10 
ous ways within the scope of the invention. 
[0106] For example, the supporting rod member 42 
does not necessarily have to be tubular in shape. For 
example, when the output signal from the pressure sen- 
sor 70 shown in Fig. 3 is transmitted over an optical fiber is 
etc., the supporting rod member 42 may also be made 
of optical fiber etc. 

[0107] Further, in the above embodiments, the bal- 
loon catheter according to the present invention was 
used for IABR but it may also be used for other applica- 20 
tions (for example, PTCA). 

[0108] Further, in the present invention, the valve 
element which can be attached to the inside of the front 
tip portion 20 is not limited to those shown in Fig. 3, Fig. 
6, Fig. 8 to Fig. 14, or Fig. 15B. 25 
[01 09] As explained above, according to the balloon 
catheter of the present invention, when feeding pressu- 
rized fluid to the balloon portion, the inner tube of the 
catheter tube is removed. Therefore, the cross-sectional 
area of the flow channel of the first lumen of the outer 30 
tube of the catheter tube becomes larger by the amount 
of removal of the inner tube. As a result, the cross-sec- 
tional area of the flow channel for feeding the pressu- 
rized fluid to the inside of the balloon portion becomes 
larger and the response in expansion and contraction of 35 
the balloon portion is remarkably improved. Further, this 
means that even if the outer diameter of the outer tube 
forming the catheter tube is made smaller than the con- 
ventional balloon catheter, an equal or better response 
of expansion and contraction of the balloon portion can 40 
be obtained. If the outer diameter of the outer tube of 
the catheter tube can be made smaller, the discomfort 
to the patient can be alleviated. 

Claims 45 

1 . A balloon catheter comprising: 

an outer tube having a first lumen inside the 
outer tube, so 
a balloon portion having a proximal end of the 
balloon portion joined to a distal end of the 
outer tube and a distal end of the balloon por- 
tion joined to a tubular shaped front tip portion 
in order to form a balloon space inside the bat- ss 
loon portion, into which a pressurized fluid is 
introduced and released from through the first 
lumen of the outer tube to give an expanded 


and contracted state, and 
an inner tube having a second lumen inside the 
inner tube, extending inside the first lumen of 
the outer tube to freely slide in the axial direc- 
tion, projecting out from the distal end of the 
outer tube, and detachably attached to the front 
tip portion. 

2. The balloon catheter as set forth in claim 1 , wherein 
the front tip portion has a valve element sealing the 
balloon space inside the balloon portion from the 
outside of the balloon portion and a distal end of the 
inner tube is detachably attached to the value ele- 
ment. 

3. The balloon catheter as set forth in claim 2, wherein 
the valve element is formed with a tight-fit hole, a 
clearance with the inner tube is sealed in the state 
with the distal end of the inner tube inserted into the 
tight-fit hole, and the tight-fit hole closes to enable 
the balloon space at the inside of the balloon por- 
tion to be sealed from the outside of the balloon 
portion in the state with the inner tube detached 
from the tight-fit hole. 

4. The balloon catheter as set forth in claim 3. wherein 
the maximum outer diameter of the valve element is 
larger than the inside diameter of the front tip por- 
tion in the state before the valve element is 
attached to the inside of the front tip portion and 
wherein the valve element is compressed and elas- 
tically deformed to the inside of the front tip portion 
and is attached in the state with the tight-fit hole 
closed. 

5. The balloon catheter as set forth in claim 4, wherein 
an extra clearance space for elastic deformation of. 
the valve element in the axial direction is formed 
inside the front tip portion in order to widen the 
tight-fit hole in the state with the distal end of the 
inner tube inserted into the tight-fit hole of the valve 
element. 

6. The balloon catheter as set forth in claim 5, wherein 
the front tip portion has stopper members posi- 
tioned at both sides of the valve element in the axial 
direction to create the extra clearance space inside 
the front tip portion and the stopper members are 
constructed to allow passage of the inner tube. 

7. The balloon catheter as set forth in any one of 
claims 4 to 6, wherein the Shore A hardness of the 
valve element is not more than 30. 

8. The balloon catheter as set forth in any one of 
claims 4 to 7, wherein the breaking elongation of 
the valve element is 300 to 1000%. 
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9. The balloon catheter as set forth in any one of 
claims 4 to 8, wherein the compression modulus of 
elasticity of the valve element is 0.01 to 0.30 
kg/cm 2 . 

10. The balloon catheter as set forth in any one of 
claims 4 to 9, wherein the front tip portion is com- 
prised of a member which can elastically deform to 
the outside in the radial direction. 

11. The balloon catheter as set forth in any one of 
claims 1 to 10, wherein the front tip portion is pro- 
vided with a pressure sensor. 

12. The balloon catheter as set forth in any one of 
claims 1 to 1 1 , further comprising a supporting rod 
member having a distal end joined to the front tip 
portion and extending inside the balloon portion 
and the outer tube in the axial direction separate 
from the inner tube. 

13. The balloon catheter as set forth in claim 12, 
wherein the supporting rod member is comprised of 
a tube and inside the tube is passed or buried wir- 
ing from the pressure sensor. 

14. The balloon catheter as set forth in any one of 
claims 1 to 13, wherein the proximal end of the 
outer tube is connected to a connector and the 
proximal end of the guidewire is detachably 
attached to the connector. 

15. The balloon catheter as set forth in claim 14, 
wherein the proximal end of the supporting rod 
member is connected to the connector. 

16. A balloon catheter comprising: 

an outer tube having a first lumen inside the 
outer tube, 

a balloon portion having a proximal end of the 
balloon portion joined to a distal end of the 
outer tube and a distal end of the balloon por- 
tion joined to a tubular shaped front tip portion 
in order to form a balloon space inside the bal- 
loon portion, into which a pressurized fluid is 
introduced and released from through the first 
lumen of the outer tube to give an expanded 
and contracted state, and 
a valve element through which a guidewire 
extending inside the first lumen of the outer 
tube to be freely slidable in the axial direction 
can be passed in a detachable manner, the 
valve element being attached to the front tip 
portion so as to maintain the inside of the bal- 
loon portion sealed in both the state with the 
guidewire attached and the state with the 
guidewire not attached to the valve element. 
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17. The balloon catheter as set forth in claim 16, 
wherein the valve element is formed with a tight-fit 
hole, a clearance with the guidewire is sealed in the 
state with the distal end of the guidewire inserted 
into the tight-fit hole, and the tight-fit hole closes to 
enable the balloon space at the inside of the bal- 
loon portion to be sealed from the outside of the 
balloon portion in the state with the guidewire 
detached from the tight-fit hole. 

18. The balloon catheter as set forth in claim 17, 
wherein the maximum outer diameter of the valve 
element is larger than the inside diameter of the 
front tip portion in the state before the valve ele- 
ment is attached to the inside of the front tip portion 
and wherein the valve element is compressed and 
elastically deformed to the inside of the front tip por- 
tion and is attached in the state with the tight-fit hole 
closed. 

19. The balloon catheter as set forth in claim 18, 
wherein an extra clearance space for elastic defor- 
mation of the valve element in the axial direction is 
formed inside the front tip portion in order to widen 
tight-fit hole in the state with the distal end of the 
guidewire inserted into the tight-fit hole of the valve 
element. 

20. The balloon catheter as set forth in claim 19, 
wherein the front tip portion has stopper members 
positioned at both sides of the valve element in the 
axial direction to create the extra clearance space 
inside the front tip portion and the stopper members 
are constructed to allow passage of the guidewire. 

21. The balloon catheter as set forth in any one of 
claims 18 to 20, wherein the Shore A hardness of 
the valve element is not more than 30. 


40 22. The balloon catheter as set forth in any one of 
claims 18 to 21 , wherein the breaking elongation of 
the valve element is 300 to 1000%. 

23. The balloon catheter as set forth in any one of 
45 claims 18 to 22, wherein the compression modulus 

of elasticity of the valve element is 0.01 to 0.30 
kg/cm 2 . 

24. The balloon catheter as set forth in any one of 
so claims 1 8 to 23, wherein the front tip portion is com- 
prised of a member which can elastically deform to 
the outside in the radial direction. 

25. The balloon catheter as set forth in any one of 
55 claims 1 6 to 24. wherein the front tip portion is pro- 
vided with a pressure sensor. 

26. The balloon catheter as set forth in any one of 
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claims 1 6 to 25, further comprising a supporting rod 
member having a distal end joined to the front tip 
portion and extending inside the balloon portion 
and the outer tube in the axial direction separate 


27. The balloon catheter as set forth in claim 26, 
wherein the supporting rod member is comprised of 
a tube and inside the tube is passed or buried wir- 


28. The balloon catheter as set forth in any one of 
claims 16 to 27, wherein the proximal end of the 
outer tube is connected to a connector and the 
proximal end of the guidewire is detachably 15 
attached to the connector. 

29. The balloon catheter as set forth in claim 28, 
wherein the proximal end of the supporting rod 
member is connected to the connector. 20 


from the guidewire. 
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ing from the pressure sensor. 
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